Introduction
============

Most investigators who are interested in the pathogenesis of hypertension agree that it is not a homogenous process, but rather heterogenous involving multiple and different processes. For that reason, Laragh and his cowokors suggested the concept of \"volume and vasoconstriction\" in the pathogenesis of hypertension[@B1]. The Deoxycorticosterone acetate (DOCA) treated animals had elevated plasma sodium and osmolality levels[@B2], which is consistent with the observations that this model of hypertension is associated with increased renal sodium and water reabsorption[@B3] and with the expansion of extracellular fluid volume[@B4]. The mechanism by which the abnormality in sodium homeostasis raises blood pressure remains unclear, but must involve an element of vasoconstriction.

There is accumulating evidence indicating that endothelin-1 (ET-1) plays an important role in the development of hypertension. ET-1 is a potent vasoconstrictor, as well as a mediator of smooth muscle mitogenesis, and thus, a determinant of systolic blood pressure[@B5]. ET-1 content and its mRNA expression are elevated in vascular and renal tissues of DOCA-salt hypertensive rats[@B6]. These findings suggest that ET-1 contributes to the development of high blood pressure and vascular growth in DOCA-salt hypertensive rats[@B7].

Heat shock proteins (HSP) may be induced in response to a variety of stresses, including hypertension. The cellular expression of major HSP gene is increased in response to heat exposure in hypertensive animals and humans[@B8], and has been known to possess a protective role in various pathphysiologic states. The expression of HSP32/heme oxygenase (HO)-1 is increased in several tissues in response to angiotensin II infusion, along with increased blood pressure[@B9], [@B10]. An induction of HSP70 plays a protective role in the vasculature from hemodynamic stress[@B11], and HSP25 protect cells from heat shock and oxidative stress when overexpressed[@B12]. Furthermore, altered regulation of HSP has been implicated in the development and maintenance of hypertension. A prolonged HSP32 induction counteracts the increased blood pressure in renovascular hypertension[@B13].

Thiazolidinediones (TZDs) are used to treat type 2 diabetes because of their efficacy in controlling blood glucose secondary to enhancing insulin action through a mechanism that is yet to be completely elucidated[@B14]. These compounds are also capable of a rich array of beneficial effects, including reductions of in blood pressure in animal models and humans[@B15]-[@B17]. TZD treatment has been shown to attenuate the release of endothelin-1 from bovine vascular cells, which may contribute to the observed blood pressure lowering effect[@B18]. Thus, it may be possible that antihypertensive effect of rosiglitazone is caused by changes of endothelin system in DOCA-salt hypertensive rats. In addition, rosiglitazone treatment inhibits apoptosis and decreases protein expression of HSP60 in vascular endothelial cells, which may have beneficial vascular effects[@B19]. In this context, the blood pressure lowering effects of TZD may be associated with the changes of HSP and endothelin system in the vasculature and kidney.

The present study was aimed to investigate whether antihypertensive effects of rosiglitazone in DOCA-salt hypertensive rats is associated with altered regulation of endothelin system and HSP isoforms in the kidney and heart in order to elucidate the underlying molecular mechanisms responsible for the pathogenesis of hypertension.

Materials and Methods
=====================

1. Animals
----------

Male Sprague-Dawley rats weighing 180 to 200 g were used. The experimental procedure conformed to the institutional guidelines for experimental animal care and use. Three groups of rats were prepared. One week after left unilateral nephrectomy, DOCA-salt rats were subcutaneously implanted with silastic DOCA (200 mg/kg) strips. The control group was also left unilaterally nephrectomized but were without DOCA implantation. Physiologic saline was supplied as a drinking water to all animals. Two weeks after the operation, DOCA-salt rats were randomly divided to receive control diet with or without rosiglitazone (RGT, 10 mg/kg/day) for another 2 weeks. On the 2nd and 4th week after DOCA implantation, systolic blood pressure was measured by the tail cuff method (Pressure Meter, Model LE 5001; Panlab S. L., Barcelona, Spain). During the last 3 days, rats were maintained in the metabolic cages, allowing quantitative urine collections and measurements of water intake. Urine volume, creatinine, and sodium concentrations were measured. Plasma was collected from the inferior vena cava at the time of sacrifice, and analyzed for the measurement of creatinine, and sodium concentrations.

Another set of animal experiments had been done for the assay of real time polymerse chain reaction (PCR). On the experimental day, the rats were decapitated under a conscious state and trunk blood was taken. The kidney and aorta were rapidly taken and kept at -70℃ until assayed for the real time PCR.

2. Semi-quantitative immunoblotting
-----------------------------------

The whole kidney and heart were homogenized at 25,000 rpm in a solution containing 250 mM sucrose, 1 mM ethylenediaminetetraacetate, 0.1 mM phenylmethylsulfonyl fluoride, and 10 mM Tris-HCl buffer (pH 7.6). Large tissue debris and nuclear fragments were removed by centrifugations (1,000×g for 20 min). Then the supernatant was pipetted off and kept on ice. Protein concentrations were measured by the bicinchoninic acid Assay Kit (Bio-Rad, Hercules, CA, USA).

All samples were adjusted with isolation solution to reach the same final protein concentrations, solubilized at 65℃ for 15 min in SDS-containing sample buffer and then stored at -20℃. To confirm equal loading of protein, an initial gel was stained with Coomassie blue. SDS-PAGE was performed on 6 or 12.5% polyacrylamide gels. The proteins were transferred by gel electrophoresis (Bio-Rad Mini Protean II Cell, Hercules, CA, USA) onto nitrocellulose membranes (Hybond ECL RPN3032D, Amersham Pharmacia Biotech, Little Chalfont, UK). The blots were subsequently blocked with 5% milk in PBS-T (80 mM Na~2~HPO~4~, 20 mM NaH~2~PO~4~, 100 mM NaCl, 0.1% Tween 20, pH 7.5) for 1 h. They were then incubated with affinity-purified anti-mouse monoclonal antibodies against HSP70 (1:1,000), anti-mouse polyclonal antibodies against HSP32 (1:1,000), or anti-rabbit polyclonal antibodies against HSP25 (1:1,000) in 0.2% nonfat milk/TBST for overnight at 4℃. The antibodies were purchased from stressGen (Victoria, BC, Canada). The membranes were again incubated with a horseradish peroxidase-labeled goat anti-rabbit IgG (1:2,000) in 2% nonfat milk/TBST for 1hr. The labeling was visualized by enhanced chemiluminescence (Amersham, Buckinghamshire, UK) and Image Reader (LAS-3000 Imaging System, Fuji Photo Film, Tokyo, Japan).

3. mRNA expression of endothelin system
---------------------------------------

The kidney and aorta was homogenized in Trizol reagent (Invitrogen, Carlsbad, CA, USA). RNA was extracted with chloroform, precipitated with isopropanol, washed with 75% ethanol, and then dissolved in distilled water. The RNA concentration was determined by the absorbance read at 260 nm (Ultraspec 2000; Pharmacia Biotech, Cambridge, UK).

The expression of endothelin-1 (ET-1: 5\'-CACAGGTAGACCCTAAGAGTCACAAG-3\' and 5\'-CTGTTGGACCACTGAATCCTGCCGATG-3\'), type A endothelin receptor (ET~A~R : 5\'-GACCACAATGATTTTGGAGTG-3\' and 5\'-GAACCAGCACCGCAACTCGTA-3\') and type B endothelin receptor (ET~B~R: 5\'-ACTGGCCATTTGGAGCTGAGA T-3\' and 5\'-GACGTATGGTGAAAAGAAAGAC-3\') mRNA was determined by real-time PCR. cDNA was made by reverse transcribing 5 µg of total RNA using oligo (dT) priming and superscript reverse transcriptase II (Invitrogen, Carlsbad, CA, USA). cDNA was quantified using the Smart Cycler II System (Cepheid, Sunnyvale, CA, USA) and SYBR Green was used for detection. Each PCR reaction was done in 0.4 µM forward primer, 0.4 µM reverse primer, 2X SYBR Green Premix Ex Taq (TAKARA BIO INC, Seta 3-4-1, Otsu, Japan) 10 µM, 0.5 µL cDNA and HAO to bring the final volume to 20 µL. PCR was done using an the Rotor-GeneTM 3000 Detector System (Corbette research, Mortlake, New South Wales, Australia). Primers were prepared as described previously[@B20]. Following steps were taken : 1) 95℃ for 5 min; 2) 95℃ for 20 s; 3) 58 to 62℃ for 20 s (optimized for each primer pair); 4) 72℃ for 30 s; and 5) 85℃ for 6 s to detect SYBR Green. Steps 2-5 were repeated for additional 45 cycles, while at the end of the last cycle temperature was increased from 60 to 95℃ to produce a melt curve. Data from the reaction were collected and analyzed with the Corbett Research Software. The comparative critical threshold values from quadruplicate measurements were used to calculate the gene expression, with normalization to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as an internal control[@B21]. Melting curve analysis was performed to enhance specificity of the amplification reaction.

4. Drugs and statistical analysis
---------------------------------

Drugs were purchased from Sigma Chemical Co. (St. Louis, MO, USA), unless stated otherwise. Results are expressed as mean±SEM. Multiple comparisons among the groups were determined by one-way ANOVA and post hoc Tukey HSD test. p values\<0.05 were considered significant.

Results
=======

1. Blood Pressure and LV weight
-------------------------------

As shown in [Fig. 1](#F1){ref-type="fig"}, systolic blood pressure (SBP) was markedly increased in DSH rats after 4 weeks of treatment, compared with control rats (241.1±13.1 vs 155.1±9.4 mmHg, p\<0.05). RGT attenuated increased SBP (212.6±29.3 mmHg, p\<0.05) in DOCA-salt rats. Kidney weights and left ventricular weights were increased in DOCA-salt rats as compared with controls, which were attenuated by RGT treatment. The creatinine clearance was decreased in DOCA-salt rats, which was attenuated by RGT treatment ([Table 1](#T1){ref-type="table"}).

2. mRNA expression of endothelin system
---------------------------------------

[Fig. 2](#F2){ref-type="fig"} shows the expression of ET-1, ET~A~R and ET~B~R in the kidney and aorta. The abundance of ET-1 mRNA was significantly increased in the kidney and aorta of DOCA-salt rats compared with controls, which was counteracted by RGT treatment. The expression of ET~A~R was decreased in the kidney of DOCA-salt rats and increased in the aorta of DOCA-salt rats, which was not further affected by RGT treatment. The expression of ET~B~R was increased in the kidney and aorta of DOCA-salt rats, which was conteracted by RGT treatment.

3. Protein expression of heat shock proteins
--------------------------------------------

[Fig. 3](#F3){ref-type="fig"} and [Table 2](#T2){ref-type="table"} shows the protein expression of HSP70, HSP32, and HSP25 in the kidney and heart. The expression of HSP70, HSP32, and HSP25 was increased in the kidney of DOCA-salt rats, which was counteracted by RGT treatment. The expression of HSP70, HSP32, and HSP25 was also increased in the heart, which was further affected by RGT treatment.

Discussion
==========

ET-1 not only induced vasoconstriction and has been demonstrated to play a role in renal and cardiac target organ damage[@B22]. The present study demonstrated that ET-1 mRNA expression was increased in the aorta and kidney associated with the increased blood pressure and decreased GFR. These findings may suggest that enhanced vascular and renal production of ET-1 play a role in the development of hypertension and renal dysfunction. These results are in line with the previous observations that chronic administration of a selective endothelin ET~A~R antagonist or nonselective endothelin ET~A~R/ET~B~R antagonist to DOCA-salt rats suppress the development of hypertension, vascular hypertrophy and renal injury[@B23], [@B24]. However, the mechanism by which ET-1 production is enhanced in blood vessels and kidneys in DOCA-salt rats are unknown. Recent study demonstrated that incubation with xanthine/xanthine oxidase or H~2~O~2~ augments ET-1 mRNA levels in human mesangial cells[@B25]. These findings suggest that oxidant stress stimulates endothelin-1 production at a stage of its gene expression.

ET-1 produces its effects by acting on specific subtypes of receptors, ET~A~R and ET~B~R, which receptors are expressed mainly in the vascular tissues, in which it mediates the vasoconstrictor and growth effects[@B26], [@B27]. The ET~B~R also exist on endothelial cells, where they mediate vasodilation via the release of endothelium-derived nitric oxide[@B28]. In the present study, the mRNA expression of ET~A~R was decreased in kidney, while increased in the aorta of DOCA-salt rats. The down-regulation of ET~A~R may play a compensatory role in the vasoconstriction by ET-1 in kidney, and up-regulated ET~A~R in the vasculature may contribute to the development of hypertension. The differential expression of ET~A~R in aorta and kidney may suggest the tissue specific regulation of ET receptor system. The up-regulation of ET~B~R may play a compensatory role in the vasoconstriction by ET-1 in kidney and aorta via the release of endothelium-derived nitric oxide.

Sustained high blood pressure is a powerful determinant in the development of cardiac and renal hypertrophy[@B29]. The present study revealed that DOCA-salt hypertensive rats showed increased cardiac weight and kidney weight indices compared to normotensive control rats. In addition, demonstrated that rosiglitazone decreased blood pressure and attenuated left ventricular hypertrophy in DOCA-salt rats. Thus, we found that an association between high blood pressure, and cardiac and renal hypertrophy exist in this model of hypertension, which was ameliorated by rosiglitazone treatment. In addition, blood pressure lowering effects of rosiglitazone were accompanied by decreased ET-1 mRNA expression in aorta and kidney as well as increased creatinine clearance in DOCA-salt rats. Thus, rosiglitazone appears to suppress the enhanced endothelin-1 production in vascular and renal tissues and the consequent development of hypertension, vascular hypertrophy and renal injury in this model of hypertension.

Alterations of HSP has been suggested to play a protective role against potential tissue damage. Molecular adaptation of vascular endothelial cells to oxidative stress is accompanied by an induction of HSP. An induction of HSP70 has a protective effect on the vasculature from hemodynamic stress[@B11]. The inducible form of HSP70 is shown to be regulated in the kidney in response to stimuli such as ischemia[@B30] and hyperthermia[@B31]. Overexpression of transfected HSP70 in the renal cells was found to have a protective action against cisplatin toxicity and oxidative injury[@B32]. Induction of renal HSP32 has been shown to ameliorate renal injury induced by rhabdomyolysis[@B33]. Gene ablation of HSP32 exacerated cisplatin-induced renal tubular injury[@B34]. Thus, renal HSP32 is thought to play a role in protecting renal function against renal insults. The small HSP from human HSP27 and mouse HSP25 form large oligomers which can act as molecular chaperones in vitro, and protect cells from heat shock and oxidative stress when overexpresssed[@B12]. In addition, angiotensin II infusion induces renal HSP70 and HSP25, as well as HSP32[@B9]. These findings may suggest the beneficial and compensatory role of HSP70, HSP32 and HSP25. In the present study, expression of HSP isoforms was increased in heart and kidney of DOCA-salt rats, which may play a protective role in the pathogenesis of hypertension and renal damage. Interestingly, RGT treatment attenuates expression of HSP in kidney, but not in heart. This discrepancy of HSP expression may represent that HSP expresion can be regulated by at the level of post-translation by cell specific cofactors in the vasculature and kidney. This remains to be further elucidated.

In summary, RGT treatment decreased blood pressure and impaired renal function in DOCA-salt hypertensive rats. Up-regulation of mRNA expression of ET-1 in the aorta and kidney play a role in the pathogenesis of development of hypertension in DOCA-salt rats, which was counteracted by the treatment of RGT. Up-regulation of HSP70, HSP32 and HSP25 may play a role in organ protection against to a variety of stress.
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![Time course measurements of systolic blood pressure (SBP) determined by the tail-cuff method at 2 and 4 weeks of treatment. Symbols are: (◆) control; (■) deoxycorticosterone acetate-salt; (▲) rosiglitazone treated rats. Each point represents mean±SEM of experimental rats.\
^\*^p\<0.05 compared with control.\
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![A) Expression of endothelin-1 (ET-1), type A endothelin receptor (ET~A~R) and type B endothelin receptor (ET~B~R) mRNA in the whole kidney. B) Expression of ET-1, ET~A~R and ET~B~R mRNA in the aorta. Columns show densitometric data representing control, deoxycorticosterone acetate (DOCA)-salt and rosiglitazone treatment (D+RGT) group.\
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![Semiquantitative immunoblotting of heat shock protein 70 (HSP70) in the kidney and heart. The immunoblot was reacted with anti-HSP70. Densitometric analysis revealed increased expression of HSPs in deoxycorticosterone acetate (DOCA)-salt rats. Rosiglitazone treatment (D+RGT) prevented overexpression of HSP70 in the kidney of DOCA-salt rats.\
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Changes in Functional Data

![](ebp-6-1-i001)

Values are expressed as mean±SE. These values are measured at the last day of experiments (week 4). DOCA, deoxycorticosterone acetate; D+RGT, rosiglitazone treatment in DOCA-salt rats; BW, body weight; LV, left ventricle; Ccr, creatinine clearance.

^\*^p\<0.05 when DOCA-salt or D+RGT groups were compared with control group (cont).

^†^p\<0.05 compared with DOCA-salt group.
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Protein Expression of Heat Shock Proteins
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Values are expressed as mean±SE. DOCA, deoxycorticosterone acetate; D+RGT, rosigitazone treatment in DOCA-salt rats.

^\*^p\<0.05 when DOCA-salt or D+RGT groups were compared with control group (Cont).

^†^p\<0.05 compared with DOCA-salt group.
